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Introduction
ZnO, with wide direct bandgap (3.37 eV) and large exciton binding energy (60 meV), has potency in many application areas, including short wavelength ultraviolet (UV) lasers and blue optoelectronic devices (Chen et al., 2000) . ZnO is remarkable for the ease with which it forms one-dimensional (1D) nanostructures (for example, nanobelts, nanorods, nanowires, and nanotubes). The size effects, high aspect ratios, and possible quantum confinement consequence exhibited by these nanostructures suggest much possible superiority, for example, better luminescence efficiency and improved sensitivity to chemical agents.
The synthesis of ZnO nanorods has received attention in the past few years. Many unlike methods for synthesizing arrays of well-aligned ZnO nanorods have been reported, including thermal evaporation (Pan et al., 2001; Jie et al., 2005; Ham et al., 2005) , chemical vapour transport and condensation (Huang et al., 2001) , template-based growth (Liang et al., 2004) , hydrothermal methods (Tian et al., 2003; Henley et al., 2004) , chemical vapour deposition (Wu and Liu, 2002) , and pulsed laser deposition (Sun et al., 2004) .
In the present work, we have investigated the ZnO on p-Si(1 1 1) heterostructures. The structures and morphologies of the products were characterized in detail by using X-ray diffraction (XRD) and scanning electron microscopy (SEM).
According to experimental results, the current-voltage (I-V) characteristics of the device show the typical rectifying behaviour of Schottky diodes. The UV photocurrent measurement was performed using an UV lamp under a reverse bias. The n-ZnO/p-Si diodes exhibits a good rectifying behaviour characterized by the current-voltage (I-V) measurement under a dark and UV illumination conditions.
Experimental
ZnO/Si heterojunction was prepared using p-type (1 1 1) Si wafers. Prior to deposition, the wafer was chemically etched and cleaned to remove native oxide. Zn films were deposited by dc sputtering deposition technology from high purity Zn targets with a purity of 99.99 per cent. Subsequently, the Zn films were then annealed under flowing (6 L/min) oxygen gas environment in the furnace at 6008C for two hours.
After deposition, the sample was cut into small pieces of 5 mm £ 5 mm size. To provide a high Schottky contact of electrodes, 0.5-mm diameter Ni dot was contacted onto ZnO surface. In the similar mode, a large area Al ohmic contact was formed onto the backside of the Si wafer. The I-V behaviour of fabricated diodes was measured. All measurements were taken under illumination and dark conditions. Figure 1 shows the SEM images of the ZnO nanostructures synthesized at 6008C for two hours (temperature of the centre region of the furnace) on silicon substrates. ZnO nanorods can be seen on a large-scale. It can be seen that large-scale and high-density vertically aligned ZnO nanorods have been non-uniformly grown on the silicon substrate. The pictures point out that the diameters of the nanorods are different along their length. The film is unintentionally n-type doped with a donor concentration of ,5 £ 10 17 cm 2 3 . The conceivable mechanism suggested that the constitution of hexagonal-shaped ZnO rod-like crystal is attributed to the deviation in the growth rate of the assorted crystal facets, resulting in the crystallite shape observed. The dependent growth rate of these crystals faces, which can be modified by the growth conditions, will restrict the aspect ratio of the ZnO nanorods (Laudies and Ballman, 1960) .
Results and discussion
The morphology of the ZnO nanorod with a sharp tip is highly priced for field emission utilization. Next to the hexagonal structure with a sharp tip and high aspect ratio, ZnO is famous having negative electron affinity, high conductivity, chemical stability, and high mechanical strength. In conjunction with these characteristics, ZnO has a great potential in microelectronic devices (field emission display).
From the crystallography angle, many researchers reported that low-supersaturation Zn benefits the growth of 1D nanostructures (Seo and Koumoto, 1996) . In the growth of nanowires, the proportionately minor supersaturation is probable, remarkably significant for 1D growth, which could be lower than that required for euhedral crystal growth (Sears, 1956; Zhang et al., 2002) .
In the SEM, energy dispersive X-ray (EDX) analysis was applied to examine the composition of nanorods. Figure 2 shows one such spectrum, for the case of nanorods grown for 6008C on a bare Si substrate. Zinc and oxygen are the only detectable elements. Supporting the perspective that no other metal elements are aiding in catalyzing the ascertained nanorod growth. Thus, we conclude that the rods and, in this case, the capping particles, must be ZnO.
The crystal structure and the orientation of the ZnO nanorod arrays were studied by XRD. Figure 3 shows typical XRD profile of the ZnO film grown on the silicon substrates. For Figure 3 , the peak from wurtzite ZnO and metallic Zn plane are observed apart from the (1 1 1) peak from the silicon substrate. XRD pattern confirmed that the ZnO films were of polycrystalline structure. XRD spectra are totally dominated by the ZnO (0 0 2) reflection at 34.48. The XRD spectra confirm that both nanorod arrays are comprised of strongly c-axis (0 0 1) aligned, crystalline ZnO.
A current-voltage (I-V) characteristic of the typical Ni/polycrystalline ZnO Schottky barriers is shown in Figure 4 . This behaviour is most probably due to the resistive nature of polycrystalline ZnO under dark condition caused by limited carriers' mobilities and the existence of localized states in the bandgap usually found in polycrystalline Si (111) ZnO (002) Zn (101) Zn (100) Zn (102) ZnO ( semiconductors due to imperfect bonding configurations (Pollak, 1987) . The current conduction under dark condition of the polycrystalline ZnO photodiode may, therefore, be caused by thermally assisted hopping process between localized states near the conduction band mobility edge, which usually occurred in low conductivity polycrystalline semiconductors under moderate temperatures (Fritzsche, 1974) . The conductivity of the polycrystalline ZnO photodiode rises drastically under illumination (white light photoresponse). Under white light illumination, the change in the resistivity allows electrical conduction to occur at a normal behaviour which is caused by significant detrapping of the localized states due to strong interaction of the visible and infrared components with the deep traps in the bandgap. The low breakdown voltage, for example, the photocurrent of the polycrystalline ZnO photodiode increases sharply after 0.3 V may be due to high density of localized states near the conduction band mobility edge that may significantly enhance the photocurrent by tunneling process (Rhoderick and Williams, 1998) . The large increase in the magnitude of the dark current for the polycrystalline ZnO Schottky photodiode after being illuminated may be attributed to the contribution from the p-type Si substrate to the current transport mechanism of the Schottky contacts due to the absence of a buffer layer between the substrate and the ZnO film. It can be observed that the dark current rises slowly with the applied forward bias and does not show any effect of saturation. The lack of saturation for a Schottky contact under forward bias can be commonly explained in terms of barrier lowering or the barrier height is dependent on the electric field strength in the barrier as a result of the existence of an interfacial layer between the metal and the semiconductor. The lack of saturation can also be caused by image force lowering of the barrier height and due to the generation of electron-hole pairs in the depletion region.
For a conventional rectifying device, the I-V characteristic of a metal-semiconductor contact under thermionic emission condition, for V greater than 3 kT/q, can be described by the Schottky theory (Rhoderick and Williams, 1998) as follows:
where J 0 is the saturation current density, n the ideality factor, V the voltage, k the Boltzmann's constant and T the absolute temperature. The saturation current density J 0 is obtained by extrapolating the current density from the log-linear region to V ¼ 0 and is given by:
where A * and F B are the Richardson constant and the barrier height, respectively. The theoretical value of A * can be calculated using A * ¼ 4pm * qk 2 =h 3 , where h is the Planck's constant and m * ¼ 0:24m 0 the effective electron mass for ZnO (Fonoverov and Balandin, 2004) . Using equation (2), the Schottky barrier height derived by the I-V method is 0.51 eV for dark current ZnO Schottky diode. On the other hand, the barrier height of 0.45 eV for illumination current ZnO Schottky diode.
Conclusion
The structural analysis of the ZnO films revealed a polycrystalline phase for the ZnO grown at 6008C. These films exhibit ZnO nanorods surface morphology, as revealed by SEM. The electrical characteristics of Schottky photodiodes based on unintentionally doped n-type polycrystalline ZnO/p-Si were investigated. The dark current of the polycrystalline ZnO-based photodiode is much smaller than illumination current, thus indicating a potential application in large area devices such as UV detector arrays at a low cost as a small dark current also indicate a large dark resistance where this behaviour is often desirable for photodetector application. 
